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OBJECTIVE
The first project objective is to utilize reservoir characterization and advanced technologies to optimize the design of a carbon dioxide (CO 2 ) project for the South Cowden Unit (SCU) located in Ector County, Texas. The SCU is a mature, relatively small, shallow shelf carbonate unit nearing waterflood depletion. The second project objective is to demonstrate the performance and economic viability of the project in the field. All work during the fourth quarter falls within the demonstration project.
SUMMARY OF TECHNICAL PROGRESS BUDGET PHASE II TASK V FIELD DEMONSTRATION Reduce Reservoir Pressure (not included in DOE funding)
Subtask V.1.9 of the Revised Statement of Work included funds for the deepening of water injection wells inside the Unit boundary as necessary to handle the increased water injection capacity. However, this Subtask was specifically excluded from funding by the DOE.
During March, 1997, the project team requested funds to deepen, complete and equip South Cowden Unit (SCU) Well No. 2-18 for use as a water disposal well for the South Cowden Unit CO 2 project. Recent shut-in bottomhole pressure data in the DOE Project Area indicate the reservoir pressure to be approximately 2300 psig in the SCU, increasing to approximately 2600 psig in the Emmons Unit to the immediate north. Bottom-hole pressure surveys run on the horizontal injection Wells Nos. 6C-25H and 7C-11H, on February 3, 1998, indicated 2614 psig and 2632 psig @ reservoir datum of -1700 (4651 TVD). The minimum miscibility pressure (MMP) for the CO 2 project is only 1200 psig; therefore, significant margin exists above the MMP in which to work. In fact, the optimum reservoir pressure for CO 2 flooding is estimated at closer to 1800 psig, as lower pressures would allow the injected CO 2 to occupy more reservoir volume and contact more recoverable oil. The Project team is in unanimous agreement that disposal of water in a lower San Andres interval would ultimately increase the overall San Andres system pressure, thus further contributing to the problem. Thus, the above-mentioned project was recommended as an alternative to Subtask V.1.9 of Phase II of the South Cowden Unit DOE Project.
Approximately 8000 BWPD are currently being produced in the Unit, and are being reinjected. As CO 2 injection continues, the reservoir will necessarily continue to pressure-up, further decreasing the efficiency of the CO 2 in the reservoir. Funds were requested to deepen the plugged and abandoned SCU Well No. 2-18 to the Canyon at 9880', for disposal of up to 5000 BWPD outside the San Andres CO 2 target interval. This would allow for the reduction of reservoir pressure within the Project Area, thus increasing the efficiency of the CO 2 in the reservoir and perhaps increasing the narrow pressure margin between the fracture gradient and reservoir pressure. The identified out-of-zone injection problems are recognized to be primarily the result of injection at or above the reservoir parting pressure.
This work is premised to commence in July, 1998, with initial injection during August, 1998.
Increase Throughput
A new chemical treatment was tested on SCU Well No. 7-08 on March 5, 1998. The system was designed to address paraffin/asphaltenes, calcium carbonate, and calcium sulfate in a single application. The expense work included a paraffin/asphaltene solvent, sulfate and carbonate remover, antisludge chemicals, and an iron reducing agent. The job was applied via the casingtubing annulus.
The well showed no increase in oil production following the treatment, but daily water production increased by over 100 BWPD.
Purchase CO 2 and Operation of Recycle Compression Facilities
The CO 2 recycle compression facilities have been in continuous operation during first quarter, 1998.
Gas injection volumes for the four SCU injection well and the three cooperative leaseline injection wells for the last 12-month period are reported below. These volumes have been updated and corrected from previous reports, 
GAS
Unit Production
By late December, sustained oil production had increased approximately 150 barrels of oil per day (BOPD) total, with 75 BOPD as a result of the CO 2 injection in the near vicinity of the horizontal injection wells, and the remaining 75 BOPD as a result of the earlier stimulation program. The production in the following quarter has been declining primarily as a result of decreased CO 2 injection, as the reservoir pressure will begin to level-out and decline. A summary of quarterly average production and injection follows: , 1997 , may need to be further corrected in the future as our new production reporting system is quality-controlled and allocations reviewed.
Monitor Project Performance
As the CO 2 project progressed this year, several key problem areas were identified for resolution. These problem areas can be summarized as : (1) high reservoir pressure, (2) narrow margin between reservoir pressure and parting pressure, and (3) out-of-zone injection problems.
The reservoir pressure in the project area is estimated at 2300 pounds per square inch gauged (psig), with much higher pressures to the north in the Emmons Unit (estimated at 2600 psig), and lower pressures to the south along the project area boundary. For this reason, the CO 2 preferentially is traveling to the south of the horizontal Well No. 7C-11H, with initial oil response and CO 2 breakthrough occurring primarily in that region. The project team is currently reviewing various alternatives for moving produced water off-lease for disposal outside of the Project area, in an effort to reduce overall system pressures. The reduction of overall reservoir pressure will also increase the efficiency of the injected CO 2 , as the same amount of CO 2 will occupy more space, thus contact more oil under lower pressures.
Instantaneous shut-down pressure (ISDP) data obtained from the wellwork during second and third quarters in both the Emmons Unit and South Cowden Unit indicates the frac gradient to be approximately .6 psi/ft. With this knowledge the team recommended that the surface injection pressures for the water injection wells be limited to 650 psig for any water injection within the project area, and 1150 psig for CO 2 injection. This would necessarily reduce the amount of CO 2 being purchased, as well as injected, but would better insure the purchased CO 2 was in fact being efficiently utilized. For the time being, the water injection wells surrounding the project area would be allowed to exceed these recommended injection pressures to dispose of excess water in the lower zones.
The field personnel implemented the above recommendations, which reduced considerably the amount of purchased gas required. However, it also changed the mix of the injected CO 2 with the contaminated produced gas, thus the fluid head and resulting maximum surface injection pressures. Pressure surveys with gradient stops are planned for January in order to determine guideline pressures under current mixing conditions. As a result of the changes, the purchased CO 2 volumes were reduced to minimum contract quantities of approximately 5 MMscfd, primarily being injected in the horizontal injection Wells Nos. 6C-25H and 7C-11H.
The out-of-zone injection problem is also believed to be exacerbated by the high reservoir pressure; for this reason, further conformance control work, including foamed cement squeezes and monomer/polymer work will be delayed until after the reservoir pressure has been reduced by a couple of hundred pounds.
TASK VI TECHNOLOGY TRANSFER, REPORTING, AND PROJECT MANAGEMENT Technology Transfer
